In this work, using quantum mechanics, the interaction of drug cisplatin (CPT) with (5, 5) pristine single wall carbon nanotubes (SWNT) have been studied. All of the calculations have been performed using a hybrid density functional method (B3LYP) in solution phases. Three modes of noncovalent and covalent interactions of cisplatin onto pristine SWNT were investigated. Quantum molecular descriptors and frontier orbital analysis in the drug-nanotube systems were studied. It was found that binding of cisplatin with pristine (CPT/NT) in solution phase is thermodynamically favorable.
INTRODUCTION
Cisplatin is a chemotherapy drug, which is used to treat different cancer including testicular, ovarian, bladder, head and neck, and non-small cell lung cancer [1] [2] [3] [4] .
In recent decades medical and pharmaceutical sciences have witnessed noteworthy advancement in the field of drug design and drug development technologies in the cancer therapy [5] [6] [7] [8] . The rapid development of nanoscience has opened new ways in timely and prompt diagnosing of diseases and drug delivery. The use
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www.orientjchem.org of carbon nanotubes in drug delivery is a new field which is rapidly developing. So far, different systems such as polymers, dendrimers, and liposomes have been used for drug delivery, 9-11 but carbon nanotubes provide more effective structures due to high drug loading capacities and good cell penetration qualities 12 .
Interaction of carbon nanotubes with organic and aromatic molecules through covalent and noncovalent functionalization has been investigated. The main motive behind such investigations has been to improve their solubility and dispersability in aqueous and organic solvents [13] [14] [15] [16] [17] [18] [19] . In spite of extensive use of carbon nanotubes in drug delivery, so far, molecular mechanism of adsorption of cisplatin in water by these nanotubes has not been investigated. In this work, using quantum mechanical methods, the covalent and noncovalent adsorption of cisplatin onto carbon nanotubes was studied.
Computational details
All of the present calculations have been performed with the B3LYP hybrid density functional level and 6-31G(d,p) basis sets using the GAUSSIAN 03 package. 20 The solvent has an important role in chemical reactions explicitly [21] [22] [23] [24] [25] [26] [27] or implicitly. The implicit effects of the solvent was considered by using the polarized continuum model (PCM). In the PCM method, the molecular cavity is made up of the union of interlocking atomic spheres.
All degrees of freedom for all geometries were optimized in solution (water). The PCM calculations were performed on cisplatin and a pristine armchair (5,5) SWCNT comprising 90 atoms (10 Å). In optimization of the structures, no use has been made of approximations such as the ONIOM 28 and in spite of high computational cost, we preferred the results obtained have a good accuracy.
RESULTS AND DISSCUSSION
The optimized geometries of cisplatin (CPT) and pristine (NT) single wall carbon nanotubes (SWCNT) in solution phase are shown in Fig. 1 . The C-C bond length in pristine (5,5) is calculated to be 1.43 Å, which is in good agreement with the experimental value of 1.44 Å. 29 Three modes of interaction of CPT onto pristine (5,5) SWCNT were studied. Figures 2-4 present these configurations in solution phase, namely, CPT/NT1-CPT/NT3.
The binding energies (ΔE) of cisplatin whit pristine SWCNTs are calculated using the following equation and presented in Table 1 :
... (1) Using the calculated binding energies of CPT/NT1 (covalent adsorption) in Table 1 , these energies are negative indicating cisplatin is stabilized by SWCNT surface. Among the 3 configurations, the configuration 1 is the most stable configuration. In this configuration the drug is interacted covalently with the COOH of functionalized SWCNT (covalent adsorption). Using Table 1 this reaction is exothermic (ΔH<0) and spontaneous (ΔG < 0). In the configuration 2 the drug is interacted with the pristine SWCNT surface In describing stability and chemical reactivity of different systems, quantum molecular descriptors have been used like the chemical potential, the global hardness, the electrophilicity index and etc.
The chemical potential (µ) which shows escape tendency of an electron from equilibrium, is defined as follows:
... (2) where I=E HOMO is the ionization potential and A= -E LUMO is the electron affinity of the molecule. The global hardness (h) shows the resistance of one chemical species against the change in its electronic structure (Equation (3)). Increase in causes an increase in the stability and a decrease in reactivity. ... (4) Tabels 2 represents the values of the quantum molecular descriptors calculated for CPT, NT and CPT/NT1-3 in the solution phases. In this table, besides quantum molecular descriptors, E g (HOMO-LUMO energy gap) was also presented. E g notably shows a more stable system.
According to the data in Table 2 , η, I, and E g related to the CPT are higher than CPT/NT, showing the stability of the cisplatin decreases in the presence of SWCNT and its reactivity increases. ω of the cisplatin increases in the presence of SWCNT, showing that the cisplatin acts as electron acceptor.
CONCLUSION
Using density functional theory, the effects of the adsorption of cisplatin onto (5, 5) single wall carbon nanotubes (SWCNT) have been studied in detail in solvent environment. Three possible modes of covalent and noncovalent interaction of cisplatin onto SWCNT (DEX/NT1-3) were investigated. Covalent adsorption (CPT/NT1) is exothermic (ΔH < 0) and spontaneous (ΔG < 0). Quantum molecular descriptors show that the stability of the cisplatin decreases in the presence of SWCNT and its reactivity increases. The binding energies of the CPT/NT in both phases are negative, so these interactions are energetically favorable.
